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(54) GEAR COMPONENT

(567)  The present disclosure relates to a method for
manufacturing a gear component, a gear component, a
transmission unit for a vehicle comprising such a gear
componentand a vehicle comprising such atransmission
unit.

The method comprises providing a die with an open-
ing, filling the opening with a metallic powder material,
compressing the metallic powder material by a compres-
sion ram to form a workpiece of the gear component and
sintering the workpiece. Aninner wall of the opening com-
prises a first cylindrical opening portion with a first open-
ing helical teeth structure and a second cylindrical open-
ing portion with a second opening helical teeth structure.
Afirst opening base diameter of the first cylindrical open-
ing portion differs from a second opening base diameter
of the second cylindrical opening portion. The die is con-
stituted of one-piece.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a method for
manufacturing a gear component, a gear component, a
transmission unit for a vehicle comprising such a gear
componentand a vehicle comprising such atransmission
unit.

BACKGROUND ART

[0002] Gears are generally used to change speed,
torque and/or direction of a power source by applying
different gear ratios translated via teeth arranged at a
circumferential surface of each gear. Such mechanical
change can be facilitated by providing a stepped gear,
which comprising at least two portions having different
diameters. The gears may be classified according to an
arrangement of the teeth. The gear may be, for instance,
a spur gear comprising a plurality of teeth arranged par-
allel to a rotational axis of the gear, a helical gear com-
prising the plurality of teeth arranged inclined relative to
the rotational axis of the gear, a double helical gear com-
prising a double set of teeth slanted in opposite direc-
tions, a bevel gear shaped similar to a right circular cone
with most of its tip cut off, etc.

[0003] Due to their complex geometry, however, a
manufacture of the stepped helical gear is usually com-
plex, costly and time consuming.

SUMMARY

[0004] Hence, there may be a need to provide an im-
proved gear component, which may be easily manufac-
tured.

[0005] The problem is at least partially solved or alle-
viated by the subject matter of the independent claims
of the present disclosure, wherein further examples are
incorporated in the dependent claims. It should be noted
that the aspects of the disclosure described in the follow-
ing apply to the method for manufacturing a gear com-
ponent, the gear component, the transmission unit for a
vehicle comprising such a gear component and the ve-
hicle comprising such a transmission unit.

[0006] According to the present disclosure, a method
for manufacturing a gear component is presented. The
method comprises providing a die with an opening, filling
the opening with a metallic powder material, compressing
the metallic powder material by a compression ram to
form a workpiece of the gear component and sintering
the workpiece. An inner wall of the opening comprises a
first cylindrical opening portion with a first opening helical
teeth structure and a second cylindrical opening portion
with asecond opening helical teeth structure. Afirst open-
ing base diameter of the first cylindrical opening portion
differs from a second opening base diameter of the sec-
ond cylindrical opening portion. The die is constituted of
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one-piece.

[0007] The manufacturing method according to the
present disclosure may be adapted to manufacture a
stepped mono-block helical gear component. Such gear
component may be manufactured by powder compacting
press process using a one-piece die, which may facilitate
a manufacture of the stepped helical gear component.
[0008] Generally, to provide a stepped helical gear
component, the metallic powder material may be filled in
a two-piece die. In the two-piece die, the metallic powder
material may be firstly filled and compressed, subse-
quently a second filling and a second compression of the
metallic powder material may be followed. When remov-
ing the compressed powder material formed as the
stepped helical gear out of the die, two pieces of die may
need to be separated, since the helical lead of the two
teeth structures may cause an interlock inside the die.
However, such process steps may take long process time
and be costly.

[0009] In contrast, according to the present disclosure,
the die may be completely filled with the metallic powder
material in a one-piece die, which may be compressed
only one compression ram to form the workpiece to be
sintered. The metallic powder material and a sintering
process may be suitably selected according to require-
ments of the gear component. The metallic powder ma-
terial filling the opening may comprise steel metallic pow-
der material.

[0010] The opening of the die may be formed substan-
tially same as the gear component to be manufactured.
Hence, to realize the stepped form of the gear compo-
nent, the opening of the die may also comprise the first
cylindrical opening portion and the second first cylindrical
opening portion, which have a different size. The first
cylindrical opening portion and the second first cylindrical
opening portion may be formed integrally.

[0011] Further, the first cylindrical opening portion and
the opening second cylindrical opening portion are ar-
ranged adjacent to each other. In other words, the first
cylindrical opening portion and the second first cylindrical
opening portion may be arranged next to each other or
on top of each other. Preferably, the first cylindrical open-
ing portion and the second first cylindrical opening portion
may be arranged on top of each other at the inner wall
of the opening in their axial direction. Further, the first
cylindrical opening portion and the second first cylindrical
opening portion may be arranged such that one of both,
which has a bigger opening base diameter, may be po-
sitioned at a receiving side of the compression ram. In
other words, the opening of the die may be arranged only
in one direction.

[0012] The compression ram may be adapted to pro-
vide enough pressing power to densify the metallic pow-
der material filled in both of the first cylindrical opening
portion and the second first cylindrical opening portion
of the die.

[0013] Further, torealize a helical teeth structure atthe
gear component, preferably at a circumferential surface
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of both stepped portion of the gear component, each of
the first cylindrical opening portion and the second first
cylindrical opening portion may comprise the first open-
ing helical teeth structure and the second opening helical
teeth structure, respectively. The first opening helical
teeth structure and the second opening helical teeth
structure may be formed differently, e.g. with different
pitches, or substantially the same.

[0014] By providing a one-step powder compacting
press process, the manufacturing of the stepped gear
component comprising a reliable helical structure may
be facilitated, which may improve radial and/or tangential
tolerances of the gear component. In addition, the man-
ufacturing method may allow a well-defined structure of
the gear component with a great reproducibility.

[0015] In an example, the compression ram is applied
only in one direction. When compressing the metallic
powder material, the compression ram may be applied
to close cavity inside the metallic powder material and
provide the densely compressed workpiece. Since the
metallic powder material may be filled at one in the open-
ing of the die, the compression ram may be also applied
only in one direction, preferably from outside onto the
opening. Accordingly, a simple construction of the pow-
der compacting press equipment may be achieved.
[0016] In an example, the method further comprising
rotating the compression ram when compressing the me-
tallic powder material. The compression ram comprises
a circumferential helical structure along a circumferential
surface of the compression ram.

[0017] In orderto tightly press the metallic powder ma-
terial filled in the opening of the die, the compression ram
may comprise substantially the same shape and/or size
of the opening of the die. Hence, the circumferential hel-
ical structure arranged at the circumferential surface of
the compression ram may be formed substantially same
as one of the first opening helical teeth structure and the
second opening helical teeth structure.

[0018] Forinstance, if the first cylindrical opening por-
tion is arranged in the opening to face the compression
ram, the circumferential helical structure may be formed
same as the first opening helical teeth structure. Like-
wise, ifthe second cylindrical opening portion is arranged
in the opening to face the compression ram, the circum-
ferential helical structure may be formed same as the
second opening helical teeth structure.

[0019] Compressingthe metallic powder material may
be further facilitated by rotating the compression ram
when inserting into the opening of the die when com-
pressing the metallic powder material. Accordingly, the
circumferential helical structure of the compression ram
may be engaged with one of the first opening helical teeth
structure or the second opening helical teeth structure to
form a reliable helical structure onto the workpiece, thus
gear component to be manufactured.

[0020] In an example, the first opening base diameter
of the first cylindrical opening portion being smaller than
the second opening base diameter of the second cylin-
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drical opening portion. To provide the stepped gear com-
ponent using the die, the first cylindrical opening portion
and the second cylindrical opening portion may comprise
different diameter from each other. Hence, when arrang-
ing the first cylindrical opening portion and the second
first cylindrical opening portion at the inner wall of the
opening, the first cylindrical opening portion may be po-
sitioned at an inner side of the die and the second cylin-
drical opening portion may be positioned at an outer side
of the die, onto which the compression ram may be ap-
plied.

[0021] In an example, the first opening helical teeth
structure and the second opening helical teeth structure
of the die comprise a common helical lead. The helical
lead may be defined as an axial advance of a helically-
arranged tooth during one complete turn. In other words,
the helical lead may be defined as a degree of an incli-
nation of the teeth relative to the rotational axis of the
gear component.

[0022] The term common helical lead may be under-
stood such that the first opening helical teeth structure
and the second opening helical teeth structure of the die
comprise a common opening helical teeth structure
and/or substantially the same pitch, which may be formed
on two stepped levels inside the opening. Further, the
circumferential helical structure of the ram compression
may also comprise the common helical lead. Accordingly,
the stepped gear component to be manufactured by the
method may also comprise a common helical lead at its
stepped portions.

[0023] In an example, the method further comprises
removing the workpiece out of the opening only in one
direction. Since the opening of the die is arranged only
at one side, preferably receiving side of the compression
ram, the workpiece may be also removed out of the die
only in one direction via the opening. Since the stepped
portions of the gear component may comprise the com-
mon helical lead, the workpiece formed inside the die
may notbe defected whenremoved out of the die atonce.
[0024] According to the present disclosure, a gear
component is presented. The gear component compris-
es a first cylindrical portion and a second cylindrical por-
tion. The first cylindrical portion comprises a first helical
teeth structure along its circumferential surface. The sec-
ond cylindrical portion comprises a second helical teeth
structure along its circumferential surface. A base diam-
eter of the first cylindrical portion differs from a base di-
ameter of the second cylindrical portion. The first cylin-
drical portion and the second cylindrical portion are inte-
grally formed. The first helical teeth structure of the first
cylindrical portion and the second helical teeth structure
of the second cylindrical portion comprise a common hel-
ical lead.

[0025] The gear component according to the present
disclosure may provide a stepped mono-block helical
gear component comprising a common pitch of the hel-
ical teeth structure. Such gear component can have im-
proved radial and/or tangential tolerances. In particular,
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if the gear component is assembled in a compound plan-
etary gear, a tangential and/or angular relationship be-
tween the first portion and the second portion of the gear
component may be a crucial factor to minimize a load
sharing error. By providing the stepped gear component
comprising the common pitch, i.e. a common helical lead
of the first and second cylindrical portions, an optimal
radial and tangential tolerance capability between the
first and second portions may be achieved. Thus, a
smooth transmission and a long-term durability of the
gear component may be ensured.

[0026] The gearcomponentmay be adopted fora plan-
etary gear transmission, in which two or more gear com-
ponents are meshed via teeth and placed in series in a
same housing providing a larger or smaller gear ratio.
Particularly, the stepped gear component may enable a
larger torque transmission ratio with equal or smaller vol-
ume compared with a single planetary gear component.
[0027] To allow a smooth transmission of the meshed
gear components, the gear components may be substan-
tially cylindrical. Both of the first cylindrical portion and
the second cylindrical portion may comprise a helical
teeth structure, which may be formed at each circumfer-
ential surface. The helical teeth structure may be formed
at an outer circumferential surface of each of the first
cylindrical portion and the second cylindrical portion. The
helical structure may be understood in that a plurality of
teeth of each of the first cylindrical portion and the second
cylindrical portion may be arranged along the circumfer-
ential surface inclined relative to a rotational axis of the
gear component. In other words, each of the first cylin-
drical portion and the second cylindrical portion may com-
prise a threaded circumferential surface.

[0028] To provide the stepped gear component, the
first cylindrical portion and the second cylindrical portion
may have a different size. In particular, the first cylindrical
portion and a second cylindrical portion may have a dif-
ferent diameter from each other. The diameter may be
the base diameter defining a root diameter of the teeth.
Alternatively, the diameter may be a pitch diameter or a
tip diameter of the teeth.

[0029] Preferably, the first cylindrical portion and the
second cylindrical portion may be integrally manufac-
tured to form a one-piece gear component. In other
words, the first cylindrical portion and the second cylin-
drical portion may not be produced by combining two
separate parts.

[0030] To improve the radial and/or the tangential tol-
erance between the first cylindrical portion and the sec-
ond cylindrical portion, hence of the gear component,
they may comprise a common helical teeth structure. The
term common may be understood as substantially same,
which may allow a marginal deviation.

[0031] The common helical teeth structure may be di-
rected to the common helical lead defining an axial ad-
vance of a helically-arranged tooth during one complete
turn. In other words, the helical lead may be defined as
a degree of an inclination of the teeth relative to the ro-
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tational axis of the gear component. Hence, the first cy-
lindrical portion and the second cylindrical portion may
comprise the substantially same helical lead, which may
be formed on two stepped levels.

[0032] In an example, the helical lead comprises a
base helix angle. The base helix angle is an angle be-
tween each of the first helical teeth structure and the sec-
ond helical teeth structure and a rotational axis of the
gear component. Individual tooth of each helical teeth
structure may be formed identically. The base helix angle
may be an inclination degree of an axial advance of the
tooth or teeth relative to the rotational axis of the gear
component. Preferably, the base helix angle may be de-
termined at each circumferential surface of the first cy-
lindrical portion and the second cylindrical portion at a
level of the root diameter of each helical teeth structure.
[0033] Accordingly, the first helical teeth structure of
the first cylindrical portion and the second helical teeth
structure of the second cylindrical portion may comprise
the common, i.e. substantially same base helix angle.
[0034] In an example, the base helix angle of the first
helical teeth structure and the base helix angle of the
second helical teeth structure are bigger than 0°. In other
words, the first helical teeth structure and the second
helical teeth structure may be arranged not parallel to
the rotational axis of the gear component. Still in other
words, the plurality of teeth of the first cylindrical portion
and the plurality of teeth of the second cylindrical portion
may be arranged inclined relative to the rotational axis
of the gear component. The first helical teeth structure
and the second helical teeth structure may be arranged
clockwise or counter-clockwise at each circumferential
surface of the first cylindrical portion and the second cy-
lindrical portion, respectively.

[0035] In an example, the first cylindrical portion and
the second cylindrical portion are adapted to comply with

tan(fp1)  tan(Bpz)
dpr  —  de '

wherein g, is the base helix angle of each of the first
helical teeth structure and second helical teeth structure,
and

wherein dj, is the base diameter of each of the first cylin-
drical portion and the second cylindrical portion.

[0036] The equation may define that the first helical
teeth structure of the first cylindrical portion may be iden-
tical to the second helical teeth structure of the second
cylindrical portion. Hence, the common helical lead may
fulfill this equation.

[0037] In an example, the first cylindrical portion has
the smaller base diameter than the second cylindrical
portion. To realize the stepped gear component, the first
cylindrical portion and the second cylindrical portion may
comprise different diameter from each other. Since the
first helical teeth structure of the first cylindrical portion
and the second helical teeth structure of the second cy-
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lindrical portion may be formed substantially identically,
the difference of the base diameters would result in a
different size of the first cylindrical portion and the second
cylindrical portion.

[0038] Alternatively, first cylindrical portion may have
the lager base diameter than the second cylindrical por-
tion. The base diameter of the first cylindrical portion and
the base diameter of the second cylindrical portion may
be properly selected according to requirements of an ap-
plication of the gear component.

[0039] In an example, the first cylindrical portion and
the second cylindrical portion may be arranged coaxially
relative to the rotational axis of the gear component. To
increase transmission efficiency of the gear component,
the first cylindrical portion and the second cylindrical por-
tion may be arranged to have a same rotational axis.
Accordingly, the first cylindrical portion and the second
cylindrical portion may comprise a common input shaft
and/or a common output shaft, by which both are simul-
taneously operated.

[0040] In an example, the gear component is formed
from a metallic powder material. In other words, the gear
component may be manufactured by means of a powder
compacting press process. During the powder compact-
ing press process, the metallic powder material is filled
inadie and compressed to form a basic form or workpiece
of the gear component, which may be sintered in a next
step. The powder compacting press process may allow
a well-defined structure of the gear component with a
great reproducibility compared with a conventional cut-
ting process.

[0041] Accordingtothe presentdisclosure, atransmis-
sion unit for a vehicle is presented. The transmission unit
comprises the gear component as described above. The
transmission unit may comprise a compound planetary
gear transmission unit, which may provide a large torque
transmission ratio.

[0042] According to the present disclosure, a vehicle
is presented. The vehicle comprises the transmission unit
as described above. The transmission unit may allow an
efficient change of speed, torque and/or direction of a
power source by applying different gear ratios translated
via teeth arranged at a circumferential surface of each
gear components of the transmission unit.

[0043] Itshould be noted that the above examples may
be combined with each other irrespective of the aspect
involved. Accordingly, the method may be combined with
structural features and, likewise, the system may be com-
bined with features described above with regard to the
method.

[0044] These and other examples of the present dis-
closure will become apparent from and elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF DRAWINGS

[0045] Examples according to the present disclosure
will be described in the following with reference to the
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following drawings.
Fig. 1 shows schematically and exemplarily an exam-
ple of a gear component according to the
present disclosure.

Fig.2  shows schematically and exemplarily an exam-
ple of a helical lead according to the present
disclosure.

Fig. 3  shows schematically and exemplarily an exam-
ple of a die according to the present disclosure.

DESCRIPTION OF EXAMPLES

[0046] Fig. 1 shows a gear component 1, which may
be assembled in a transmission unit of a vehicle. The
transmission unit may comprise a compound planetary
gear transmission unit, which may allow an efficient
change of speed, torque and/or direction of a power
source by applying different gear ratios translated via the
gear component 1.

[0047] The gear component 1 may be manufactured
by a powder compacting press process utilizing a die 2.
As shown in Fig. 3, the die 2 is constituted of one-piece
and comprises an opening 30. An inner wall 31 of the
opening 30 comprises a first cylindrical opening portion
32 with a firstopening helical teeth structure and a second
cylindrical opening portion 33 with a second opening hel-
ical teeth structure. The first opening helical teeth struc-
ture of the first cylindrical opening portion 32 and the
second opening helical teeth structure of the second cy-
lindrical opening portion 33 may comprise a common hel-
ical lead. Further A first opening base diameter of the
first cylindrical opening portion 32 differs from a second
opening base diameter of the second cylindrical opening
portion 33. Accordingly, a common helical lead of the
stepped portions of the mono-block helical gear compo-
nent 1 can be realized.

[0048] The opening 30 of the die 2 may be filled with
a metallic powder material, which may be compressed
by a compression ram (not shown) applied only in one
direction, preferably from outside onto the opening 30 of
the die 2. The compression ram may comprise a circum-
ferential helical structure along a circumferential surface
of the compression ram. Hence, when compressing the
metallic powder material, the compression ram is rotated
in order to be tightly engaged with the one of the second
opening helical teeth structure of the second cylindrical
opening portion 33. Thus, the metallic powder may be
compactly compressed to form a workpiece of the gear
component 1, which may be sintered in a next step.
[0049] The gear component 1 comprises a first cylin-
drical portion 10 and a second cylindrical portion 20,
which are integrally formed by the powder compacting
press process. The first cylindrical portion 10 and the
second cylindrical portion 20 are arranged coaxially rel-
ative to a rotational axis A of the gear component 1. In
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otherwords, the first cylindrical portion 10 and the second
cylindrical portion 20 may comprise a common input shaft
and/or a common output shaft.

[0050] The first cylindrical portion 10 comprises a first
helical teeth structure 11 along its circumferential sur-
face. The second cylindrical portion 20 comprises a sec-
ond helical teeth structure 21 along its circumferential
surface. Hence, the first cylindrical portion 10 and the
second cylindrical portion 20 comprise a plurality of teeth
at each circumferential surface inclined relative to the
rotational axis A of the gear component 1.

[0051] In addition, the first helical teeth structure 11 of
the first cylindrical portion 10 and the second helical teeth
structure 21 of the second cylindrical portion 20 comprise
a common helical lead. The helical lead can be repre-
sented by means of a base helix angle.

[0052] AsshowninFig. 2, the base helixangle 5,4, £
isanangle between each ofthefirst helical teeth structure
11 and the second helical teeth structure 21 and the ro-
tational axis A of the gear component 1. Preferably, the
base helix angle S, of the first helical teeth structure 11
and the base helix angle £, of the second helical teeth
structure 21 are bigger than 0°. In other words, the plu-
rality of teeth of the first cylindrical portion 10 and the
plurality of teeth of the second cylindrical portion 20 may
be arranged inclined relative to the rotational axis A of
the gear component 1.

[0053] To provide the common helical lead of the first
cylindrical portion 10 and the second cylindrical portion
20, thefirst helical teeth structure 11 of the first cylindrical
portion 10 and the second helical teeth structure 21 of
the second cylindrical portion 20 may comprise the com-
mon, i.e. substantially same base helix angle. In partic-
ular, the first cylindrical portion 10 and the second cylin-
drical portion 20 are adapted to comply with

tan(fp1)  tan(Brz)
dpr =~ dez O’

wherein g, is the base helix angle of each of the first
helical teeth structure and second helical teeth structure,
and

wherein d, is a base diameter of each of the first cylin-
drical portion and the second cylindrical portion.

[0054] Further, to provide the stepped gear component
1, thefirst cylindrical portion 10 and the second cylindrical
portion 20 may have a different size. In particular, the
base diameter d , of the first cylindrical portion 10 differs
from the base diameter d,,, of the second cylindrical por-
tion 20.

[0055] Accordingly, an optimal radial and tangential
tolerance capability between the first and second por-
tions 10, 20 may be achieved and axial force applied on
the gear component 1 may be minimized or even elimi-
nated. Thus, a smooth transmission and a long-term du-
rability of the gear component 1 may be ensured.
[0056] It has to be noted that examples of the disclo-
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sure are described with reference to different subject
matters. In particular, some examples are described with
reference to method type claims whereas other examples
are described with reference to the device type claims.
However, a person skilled in the art will gather from the
above and the following description that, unless other-
wise notified, in addition to any combination of features
belonging to one type of subject matter also any combi-
nation between features relating to different subject mat-
ters is considered to be disclosed with this application.
However, all features can be combined providing syner-
getic effects that are more than the simple summation of
the features.

[0057] While the disclosure has been illustrated and
described in detail in the drawings and description, such
illustration and description are to be considered illustra-
tive or exemplary and not restrictive. The disclosure is
not limited to the disclosed examples. Other variations
to the disclosed examples can be understood and effect-
ed by those skilled in the art in practicing a claimed dis-
closure, from a study of the drawings, the disclosure, and
the dependent claims.

[0058] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an"does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. A method for manufacturing a gear component (1),
comprising,

- providing a die (2) with an opening (30),

an inner wall (31) of the opening (30) com-
prising afirst cylindrical opening portion (32)
with a first opening helical teeth structure
and a second cylindrical opening portion
(33) with a second opening helical teeth
structure,

a first opening base diameter of the first cy-
lindrical opening portion (32) differing from
a second opening base diameter of the sec-
ond cylindrical opening portion (33),

- filling the opening (30) with a metallic powder
material,

- compressing the metallic powder material by
a compression ram to form a workpiece of the
gear component (1), and

- sintering the workpiece,
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the die being constituted of one-piece.

Method according to claim 1, the compression ram
being applied only in one direction.

Method according to claim 1 or 2, further comprising
rotating the compression ram when compressing the
metallic powder material, the compression ram com-
prising a circumferential helical structure along a cir-
cumferential surface of the compression ram.

Method according to claim 1, the first opening base
diameter of the first cylindrical opening portion (32)
being smaller than the second opening base diam-
eter of the second cylindrical opening portion (33).

Method according to any of the preceding claims,
the first opening helical teeth structure and the sec-
ond opening helical teeth structure of the die com-
prising a common helical lead.

Method according to any of the preceding claims,
further comprising removing the workpiece out of the
opening (30) only in one direction.

A gear component (1) produced according to any of
preceding claims 1 to 6, comprising,

- a first cylindrical portion (10), and
- a second cylindrical portion (20),

the first cylindrical portion (10) comprising a first hel-
ical teeth structure (11) along its circumferential sur-
face,

the second cylindrical portion (20) comprising a
second helical teeth structure (21) along its cir-
cumferential surface,

a base diameter (dj,;) of the first cylindrical por-
tion (10) differing from a base diameter (dj,,) of
the second cylindrical portion (20),

the first cylindrical portion (10) and the second
cylindrical portion (20) being integrally formed,
and

the first helical teeth structure (11) of the first
cylindrical portion (10) and the second helical
teeth structure (21) of the second cylindrical por-
tion (20) comprising a common helical lead.

Gear component (1) according to claim 7, the helical
lead comprising a base helix angle (8,1, fy2), the
base helix angle (5,1, £y2) being an angle between
each of the first helical teeth structure (11) and the
second helical teeth structure (21) and a rotational
axis (A) of the gear component (1).

Gear component (1) according to claim 8, the base
helix angle (4,4) of the first helical teeth structure
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10.

1.

12.

13.

14.

(11) and the base helix angle (f,,) of the second
helical teeth structure (21) being bigger than 0°.

Gear component (1) according to any of the preced-
ing claims 7 to 10, the first cylindrical portion (10)
and the second cylindrical portion (20) being adapted
to comply with

tan(Bp1)  tan(Brz)
dpr = dez

Bp being the base helix angle of each of the first hel-
ical teeth structure (11) and second helical teeth
structure (21), and

d,, being the base diameter of each of the first cylin-
drical portion (10) and the second cylindrical portion
(20).

Gear component (1) according to any of the preced-
ing claims 7 to 10, the first cylindrical portion (10)
having the smaller base diameter (dj,;) than the sec-
ond cylindrical portion (20).

Gear component (1) according to any of the preced-
ing claims 7 to 11, the gear component (1) being
formed from a metallic powder material.

A transmission unit for a vehicle, comprising a gear
component (1) according to any of the preceding
claims 7 to 12.

A vehicle, comprising a transmission unit according
to claim 13.

Amended claims in accordance with Rule 137(2)
EPC.

1.

A method for manufacturing a gear component (1),
comprising,

- providing a die (2) with an opening (30),

an inner wall (31) of the opening (30) com-
prising afirst cylindrical opening portion (32)
with a first opening helical teeth structure
and a second cylindrical opening portion
(33) with a second opening helical teeth
structure,

a first opening base diameter of the first cy-
lindrical opening portion (32) differing from
a second opening base diameter of the sec-
ond cylindrical opening portion (33),

- filling the opening (30) with a metallic powder
material,
- compressing the metallic powder material by



13 EP 4 272 888 A1

a compression ram to form a workpiece of the
gear component (1),

- sintering the workpiece, and

- removing the workpiece out of the opening (30)
only in one direction, the die being constituted
of one-piece.

Method according to claim 1, the compression ram
being applied only in one direction.

Method according to claim 1 or 2, further comprising
rotating the compression ram when compressing the
metallic powder material, the compression ram com-
prising a circumferential helical structure along a cir-
cumferential surface of the compression ram.

Method according to claim 1, the first opening base
diameter of the first cylindrical opening portion (32)
being smaller than the second opening base diam-
eter of the second cylindrical opening portion (33).

Method according to any of the preceding claims,
the first opening helical teeth structure and the sec-
ond opening helical teeth structure of the die com-
prising a common helical lead.

A transmission unit for a vehicle, comprising a gear
component (1) directly obtained by a method accord-
ing to any of the preceding claims 1 to 5.

A vehicle, comprising a transmission unit according
to claim 6.
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